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The	purpose	of	 this	 investigation	 is	 to	 elaborate	 a	method	of	measuring	 the	pore	 size	
distribution	in	the	soil.	Internal	difference	in	porosity	within	an	aggregate	can	be	visualized	







After	 preprocessing	 methods,	 morphological	 operation	 closing,	 consisting	 of	 a	 dilation	
followed	 by	 erosion,	was	 used	 to	 fill	 in	 holes	 and	 small	 gaps	without	 changing	 the	 size	




2. Material and Methods
These	studies	were	conducted	using	soil	aggregates	from	the	cultivated	soil	layer	explored	
at	the	Institute	of	Agrophysics,	of	the	Polish	Academy	of	Sciences	in	Lublin.	The	direct	and	
nondestructive	 analyses	 of	 internal	 soil	 aggregate	 structures	were	 detected	 using	 computed	
tomography	equipment	Nanotom	800,	with	 the	voxel-resolution	of	2.5	microns	per	volume	
pixel	[4,	8].	Three	types	of	aggregates,	different	in	terms	of	fertilization,	denoted	as	aggregates	







Subsequently,	 binary	morphological	 closing	with	 increasing	 size	of	 square	 structuring	
element	(starting	with	size	2),	was	processed.	In	each	step,	the	source	image	was	subtracted	
from	 the	 target	 image,	 and	 the	 result	 volumes	 were	 listed,	 giving	 soil	 aggregate	 pore	













model	 is	 not appropriate	 for	 the	 data.	 Therefore	 nonlinear	 estimation	 and	 nonparametric	
methods	were	concerned.





The	 best	 fit	 to	 the	 data	 in	 the	 family	 of	 nonlinear	 estimation	was	 revealed	 for	 two	
models:	polynomial	with	the	power	of	three;	and	logarithmic,	for	which	the	determination	
coefficients	were	in	range	80–90%.	The	proposed	regression	functions	did	not	well	discover	
the	properties	of	 the	pore	size	distributions,	especially	on	 the	 left	 side,	because	of	 their	















can	be	overcome	by	 removing	 the	 restriction	 that	 the	model	 is	parametric.	This	approach	
leads	to	nonparametric	regression.	This	lets	the	data	decide	which	function	fits	them	best.	
In	 this	 study,	a	class	of	kernel–type	 regression	estimators	called	 ‘local	polynomial	kernel	
estimators’	is	presented.	
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where	εi	are	independent	random	variables	with	zero	mean	and	unit	finite	variance.	Let	then	
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diag , , ... ,1 1 11 2  	 (6)
is	an	m × m	diagonal	matrix	of	kernel	weights,	while:
 e = [ , , ... , ]1 0 0 T 	 (7)
23
is	 the	 1	 ×	 (p	 +	 1)	 vector	 having	 1	 in	 the	 first	 entry	 and	 zero	 elsewhere.	The	 coefficient	 
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A	typical	regression	curve	obtained	by	the	kernel	regression	method	for	m	=	200	data	














of	 local	 linear	kernel	estimators	has	been	 investigated	 in	 the	context	of	some	typical	data	
derived	from	the	soil	aggregate	images.
4. Results and discussion
The	main	aim	of	this	research	is	 to	discover	the	relationship	between	the	pore	size	

























composition	 and	 chemical	 properties.	Water	 stable	 aggregates	 are	 much	 more	 porous	 in	
relation	to	the	non	stable	aggregates.	
Soil	aggregation	and	its	maintenance	is	very	important	for	sustainable	agriculture	because	
it	 impacts	majority	of	biological	 and	physical	 soil	properties	 and	processes.	This	directly	
promotes	better	movement	of	 air	 and	of	water	 in	 the	 soil,	 prevents	 runoff	 and	 soil	water	
erosion,	and	indirectly	determines	plant	growth.	However	soil	aggregates	are	very	sensitive	
against	water	and	mechanical	stresses.	Discovering	the	main	factors	determining	their	water	
stability	 is	 a	 great	 challenge	 for	worldwide	 agriculture	which	would	 help	 to	 prevent	 soil	
degradation	and	to	increase	a	carbon	sequestration	in	soils	and	their	fertility.	
The	 aim	 of	 future	 research	 is	 to	 discover	 the	 differences	 between	 the	 inter	 aggregate	
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